In the processing of oil and petroleum products in rectifi cation plants, tubular furnaces are used for high-temperature heating, which work as follows [1]. Mazut or gas is burned in burners located in the radiation chamber. Combustion products enter the convection chamber, after which they are sent to the gas collector and through the chimney exit to the atmosphere. Flue gas heat is transferred to the convection tubes located in the convection chamber. The product heated in the furnace passes convection and radiant tubes in a series. The radiant surface absorbs most of the heat released in the combustion of fuel (Fig. 1) .
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Combustion of liquid fuel always takes place in the vapor phase, and evaporation is provided by the input of heat from the vapor combustion zone. Fuel is always burnt in the form of spray. The extreme case of burning of droplets is diffusion combustion [2] : the rate of combustion of vapor is very high in relation to the diffusion rate of vapors and oxidant in the combustion zone, the thickness of which becomes vanishingly small. The combustion of relatively round drops is close to this regime.
Mathematical models of thermophysical processes. In mathematical analysis methods of the combustion process, there are some differences among different authors, but a uniform approach is used for stationary spherical combustion. For simplicity, analysis is carried out under the following assumptions [3] [4] [5] [6] : 1) the liquid drop is spherical in shape; 2) the effect of convection is not taken into account, the fl ame is considered a spherical surface concentric with the drop; 3) the fl ame is a kind of diffusion fl ame formed as a result of the reaction between fuel vapors and air, which react in a stoichiometric ratio; 4) a steady state is considered at a constant droplet diameter (the diameter of a liquid droplet decreases with combustion, but this change is slow compared to the change in the diffusion rate and other factors); 5) the temperature of the droplet is the same throughout its volume; 6) the pressure is assumed to be constant throughout the combustion process; and 7) the infl uence of radiation is treated separately.
Proceeding from the laws of continuum mechanics, one can obtain the following equations for nonstationary combustion:
(1) Fig. 1 . Diagram of a tubular furnace: 1) burner; 2) reradiating wall; 3) radiation chamber (combustion chamber); 4) convection chamber; 5) chimney; 6) convection coil; 7) radiant coil; 8) lining. Flows: I -raw material input; II -output of raw materials; III -fuel and air; IV -fl ue gases.
where ρ is the mass density of the mixture; t is the time; u is the velocity of the mixture; L is the spatial coordinate; x is the concentration of the combustible substance in the mixture (0 ≤ x ≤ 1); τ is the combustion time; R is the universal gas constant; q is the heat of combustion of fuel; T f is the temperature of the fl ue gases; Q(T) is the heat loss by radiation; γ ranging from 1 to 1.4 is the adiabatic exponent; C v is the heat capacity of gases at a constant volume; w is the velocity of the raw materials (petroleum products in the radiant pipelines of the furnace); K 1 is the heat transfer coeffi cient for the working fl ow; T r 1 , T r 2 is the temperature of the descending and ascending streams of the heated raw material, respectively; K 2 is the heat transfer coeffi cient for the furnace wall; and L is the length of the furnace. Initial conditions are
Boundary conditions are
The stationary model, which follows from (1), is investigated in more detail:
The second, fi fth and sixth equations of system (4) contain spatial derivatives of only one unknown function. The fi rst, third, and fourth equations are reduced to a form containing the derivative of only one sought function dρ/dl, du/dl, and dT f /dl. For this, the theory of implicit functions is applied to the system of equations: (5) In this case,
where (7) (8)
Thus, we get The increase in the fl ux density at the outlet from the furnace is due to a reduction in the fl ow rate of the gas and combustion products. Figure 3 indicates that the fuel is completely burnt out. A detailed study of the process using two-dimensional dependences [6] shows an optimum in the temperature range of about 450°C. An increase in the fl ux density above the optimum value leads to an increase in underburning, a decrease in the process effi ciency, and an increase in the amount of harmful emissions to the environment. Reduction in density characterizes underheating of raw materials and, accordingly, a non-optimal operating mode of the processing unit as a whole.
The heat redistribution effect was revealed between the fl ow of hot gases and the raw materials along the length of the furnace (see Fig. 5 ), which may affect the quality of the obtained product. By changing the temperature of fl ow along the length of the furnace or specifying the operating mode, it is possible to obtain a product with the specifi ed characteristics.
By controlling the fl ow velocity (see Fig. 4 ), it is possible to regulate the density and, as a consequence, the amount of underburn and the amount of emissions to the environment at the exit from the furnace.
The obtained results were in good agreement with the control parameters employed in a real refi nery (Atyrau oil refi nery) [6] (1-5% difference).
The proposed analysis method of stationary modes of process furnaces makes it possible at the design stage of rectifi cation plants to ensure high quality separation of multicomponent mixtures.
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